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YTOLOGICAL investigations
of self-incompatibility in white clover, Trifolium repens L., were reported previously by Atwood (1). Manifestations of self-incompatibility in this species appeared to be an inhibition of pollen germination on the stigma and failure of pollen tubes to traverse the entire length of the style and effect fertilization.
The abortion of pollen tubes, as a direct consequence of self-incompatibility observed in other species, has been explained as possibly due to environment a (9, 10, 11, 15) , nutrition (5, 6), or a specific reaction between the pollen and the stigmatic or stylar tissue (8, 9, 10, 11, i2, I3, I4) .
The direct interaction of pollen and stylar substances simulates a system analogous to an antigen-antibody reaction. Specific interactions of this nature in self-incompatible plants were first suggested by East (6, 7, 8) . Lewis (10) demonstrated serological reactions between complementary pollen and stylar components of incompatible matings both in v)vo and in vitro. Immunological reactions were also used in showing the compound structure of the S locus (11). Linskens (12) electrophoretically described a carbohydrate-protein complex observed during pollen-tube growth of incompatible matings which was absent in compatible matings. The carbohydrate moiety was synthesized from the pollen while the protein fraction was derived from stylar tissue. The rationale underlying such reactions is that each S allele produces a specific antigen-like substance in the pollen, which has a direct complementary antibody-like substance preformed in the style (11).
Although self-incompatibility can be explained by such an antigen-antibody-like system, the question of those selfpollinations which prove fertile still exists. This phenomenon, termed pseudo-self-compatibility, refers to those infrequent cases in which the normal oppositional type of .self-incompatibility allows fertilization to occur upon self-,ng. In white clover, pseudo-self-compatibility is considered to be a quantitative character, governed by several major and minor genes, and profoundly influenced by environment (2). The primary objective of this investigation was to study pseudo-self-compatibility cytologically in an attempt to explain its mechanism and mode of expression.
MATERIALS AND METHODS
Two sibling plants from an S~ family derived through pseudoself-compatibility by hand-manipulation of the inflorescences of a single So clone were selected for study. Both plants appeared healthy and free of virus infection. The two plants, designated as 26-11 and 26-15, were homozygous for the same S allele as deter- Leffel, R. C. Pseudo-self-compatibility and segregation of gametophytic self-compatibility alleles in red clover, Tri [olium pratense L. Crop Sci. 3:377-380. 1963 . mined by a previous study, * but differed in levels of pseudo-selfcompatibility. Plant 26-11 set an average of 3.45 seeds per head upon hand-manipulation and was considered pseudo-self-compatible (P.S.C.), while plant 26-15 exhibited a mean value 0.17 seed per head and was considered pseudo-self-incompatible (P.S.I.).
Unopened florets of both plants were emasculated following the technique of Williams (17). After emasculation and heavy pollination with pollen from other flowers of the same head, pistils were removed for observation at time intervals of 1, 2, 3, 6, 9, 12, 18, 24, and 48 hours after pollination. Pollen germination and early pollen tube growth were studied by the lactophenol method described by Atwood (1). Upon fixation and staining, the pistils were cleared in lactophenol for three hours, mounted in a drop of lactophenol and flattened under the cover slip by thumb-pressure. To avoid disrupting the orientation of pollen grains on the stigma, the cover slips were ringed with Krfnig's cement. At least 25 pistils per time interval per plant were analyzed. Pollen germination at the various time intervals after pollination was estimated by the ratio of those pollen grains which did not stain darkly and appeared empty to the total number of pollen grains on the stigma. The failure of these pollen grains to appear stained is "due to the fact that the pollen tubes had grown so far down the style that all dark staining cytoplasm moved out of the grain" (1).
Pollen tubes were examined by use of serial sections of the entire pistil. Specimens were collected at the same time intervals used in the pollen germination study and fixed in Randolph's chrome-acetic-formalin solution (CRAF) for at least 18 hours. After fixation the pistils were washed directly in 75% ethanol for 1 hour, changing the alcohol at 15-minute intervals. Dehydration and infiltration of the tissues proceeded in the "Technicon" automatic tissue processor after which the pistils were embedded in hard paraffin and sections cut at 15 microns thickness. Staining was accomplished by the standard hematoxylin and eosin method, using Mayer's hematoxylin for 30 minutes and an eosin counterstain for 30 seconds. Sections were mounted in "Permount." Microscopic examination of the sections were made and the average length as well as the longest pollen tube in each style was noted. At least 20 styles per time interval per plant were examined and, at this time, number of ovules per ovary was determined.
To determine the effects of stigmatic and stylar amputations upon self-seed set, at least 100 florets of each plant were emasculated, subjected to amputations varying from removal of the stigma alone to partial or complete removal of the style, and self-pollinated with as much pollen as possible. Approximately equal numbers of florets of the same two plants were similarly emasculated and self-pollinated for comparative purposes.
EXPERIMENTAL RESULTS
The course of pollen germination in the two S 1 plants can be followed in Table 1 . Considerable germination occurred in both plants within three hours after pollination. The greatest differences between the 2 plants were observed 1 hour after self-pollination when plant 26-15 (P.S.I.) showed approximately 9% germinated pollen, while plant 26-11 (P.S.C.)
showed 63'%. During the second hour, pollen germination was 84% and 68% for the P.S.C. plant and the P.S.I. plant, respectively.
Within nine hours of pollination, germination had reached a maximum with little further increase observed in either plant.
With the exception of the first two hours following pollination, the course of pollen germination in both plants appeared similar. At each interval, pollen germination was greater in the pseudo-self-compatible plant. Long pollen tubes were visible in both plants, except during the first I-hour interval in plant 26-15. At this time the polleñ
